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INTRODUCTION AND HISTORICAL
The correlation of structure with reactivity has 
been a major research interest in physical organic chemistry 
for many years. The study of effects of angle strain euid 
torsional strain on the rates of reactions of alicyclic 
systems has consitituted one such fruitful area of study.
One of the earliest such studies was by Brown, 
Schechter and Brewster.* During their extensive study of 
the sodium borohydride* reduction of alkenes emd ketones 
they studied the rates of cycloalkanone reduction with 
sodium borohydride. The cycloalkanones were of different 
ring sizes varying from 4 to 10 carbon atoms. From the 
results, eyelobutanone was found to be more reactive than 
cyclohexanone, cycloheptanone, etc. Cyclopentanone was 
the least reactive among the whole series of compounds 
undertaken for the study. They explained the observed 
behavior on the basis of the change of internal strain 
during the formation or breaking of the bond with the ring 
during the rate determining step. They substantiated their 
evaluations by comparing their results with the previous 
findings on the solvolysis of tosylates.* In the solvolysis 
of tosylates the bond breaking step leads to an sp^ 
hybridized carbonium ion while borohydride reduction results 
in an sp^ hybridized carbon being converted into an sp^
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hybrid in the transition state. As expected, opposite 
results were obtained for the tosylate* solvolysis, i.e. 
the five membered ring was found to be more reactive than 
cyclobutane tosylate, cyclohexane tosylate, etc.
McQuillin" studied the rate of hydrogenation of 
cycloalkanones (I) with n from 4 to 8
HO.
H
I II
and the hydrogenolysis of 1 phenylcycloalkanols (III) with 
n from 4 to 8 also.
III IV
The hydrogenation and hydrogenolysis were carried out with 
hydrogen in the presence of palladium-on-carbon as a 
catalyst. The variations in rates observed in the case of 
hydrogenolysis of cycloalkanols were very similar to the 
previous findings about the solvolysis of halogen in 1 -methyl- 
cycloalkyl chlorides' or on the rate of oxidative displace­
ments of hydrogen in the chromic acid oxidation of cyclo- 
alkanes.' But the degree of difference in the rate
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variation was much smaller and was attributed to the hetero­
genous catalysis. The similarity in the results with 
solvolysis eind oxidative displacements was explained on the 
basis of change in hybridization from sp^ to sp^ in the 
transition state.* The five membered ring is the most 
favorable for this change due to alleviation of ring strain. 
On the basis of the above facts cycloalkanone hydrogenation 
should have shown an opposite effect because they involve 
a change from sp2 to sp^ hybridization in the transition 
state.* Indeed the cyclopentanone was found to be least 
reactive.
Garblech et al. have correlated the calculated and 
observed rates of the diimide reduction* of cyclomethylenes 
and given theoretical arguments about the dependence of ring 
size on relative reactivities. They rejected the earlier 
views of Brown on the reactivity of cyclohexanone* over the 
acyclic and medium sized cyclic ketones. Based on Brown's 
and others »*'*'•'* arguments, methylene cyclohexane should 
have an increased reactivity over comparably substituted 
acyclic alkenes. Garbisch's theoretical estimate did not 
predict nor did he observe these results for diimide 
reductions.*
Lambert, Sease and Zavada have determined half wave 
potentials for the polarographic reduction of aliphatic** 
and cyclic halides**“ ** and have shown that there is a general 
analogy between half wave potential and the rate of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
biraolecular displacement reactions with potassium iodide. 
Attempts to correlate half wave potentials with reac­
tivity have also been made.
While trying to explain the mechanism involved in the 
electroreduction of the carbon-halogen bond of substituted 
cyclopropyl halides'*on the basis of stereochemical obser­
vations, Annino, Erickson, Michalovic and McKay noted the 
similarity in the stereochemical results of zinc-acetic 
acid reduction'*and electroreductions. They postulated 
thereby that the reactions may involve the same general 
mechanism. As zinc is generally believed to attack the halo­
gen atom in carbon-bromine bond reductions, halogen attack 
by the electrode is a reasonable first step.
Ph\/Br kl
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Very recently Lambert has reinvestigated half wave 
potential of acyclic halides and from correlation with 
Taft's a* substituent constants has concluded that initial 
attack takes place from a direction perpendicular to the 
carbon-halogen bond.
In search for other metallic reductions of the 
carbon-halogen bond which might be amenable to rate studies, 
an interesting reaction discovered by Byrce and Smith was 
noted. They reduced alkyl halides with magnesium" in the 
presence of secondary or tertiary alcohols. Normally 
magnesium reacts with primary alcohols under the influence 
of a catalytic amount of iodine to give dialkoxide. Mag­
nesium does not react with secondary or tertiary alcohols 
unless an equivalent amount of halogen compound is added, 
suggesting that the halogen compound is reduced according 
to the equation (I)
R-Hal + Mg + R'OR ---^ RH + R ’OMgHal I
The purpose of this research was to synthesize and 
study the relative rates of zinc-acetic acid reductions 
of cyclic bromides and to attempt to correlate the rates 
so obtained with polarographic half wave potentials. A 
similar study of the reduction of the cyclic bromides with 
magnesium and isopropanol was also attempted. Finally from 
their literature values about the half wave potentials, it 
was hoped to correlate the results and give convincing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
evidence about SNi or SN2 type mechanism. It was believed 
that such correlations might well be considerably better 
than those found by others for SN^ and SN^ reactivity.
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RESULTS AND DISCUSSION
Table I shows the structure of the compounds used In 
this study and Tables II and III summarize the results of 
the relative rate studies which were carried out.
Table I
Compounds Used for Metal Reductions
Symbols Structure
A O "
B O '"
C O ’*
D
E
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Table II 
Zinc-Acetic Acid Reduction
Compounds Conditions Comments Rel. Rate
A/B* Zinc-Acetic Acid 
Room Ten^
Ho reaction
A/B* Zinc-Acetic Acid 
Reflux
Elimination to 
give alkenes
D/E Zinc-Acetic Acid 
Room Temp
Over in a fraction ---
of minute
D/E Zinc-Acetic Acid 
Methanol, -78*
No reaction —
D/E Zinc-Acetic Acid 
Methanol, 0*
No reaction —
D/E Zinc-Acetic Acid 
Methanol, Room Ten^
1.17 ± 0.067 
1.07 ± 0.015 
0.914 ± 0.021
*Preliminary work carried out by R. E. Erickson before the 
investigation was begun.
The competitive reductions of bromo esters (XII, 
XIII) were accomplished by mixing the two bromo esters, 
acetic acid, zinc and an internal standard at room temper­
ature. The reaction was first carried out using acetic 
acid with no co-solvent but the rate was so fast that it 
was all over in a fraction of a minute. To lower the rate 
so that the progress of the reaction could be studied 
kinetically, methanol was added as a co-solvent. A study 
of the reaction was also made at -78* and 0* but no sign of 
reaction was observed for about half an hour.
8
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As is evidenced from Table II, methyl l-bromocyclo- 
pentyl carboxylate (XIII) may react slightly faster than 
methyl 1-bromocyclohexyl carboxylate (XII) in accordance 
with theoretical predictions, but tlie magnitude of the 
difference is very small. We believe that the small 
difference in rates means that the transition state is very 
anion-like and is being greatly stabilized by the carbo- 
methoxy group so the ring strain has very little effect on 
the rate of the reaction. Efforts were made to synthesize 
ethyl 1-bromocyclopropane carboxylate (XIV) from ethyl 
acrylate, diazomethane addition and bromination with a view 
in mind that a pronounced rate difference might be observed 
for this system but the synthesis was unsuccessful.
As the difference in rates was so small it was 
decided not to proceed further with the determination of 
electroreduction data.
Further work was done on the magnesium isopropanol 
reduction of cyclic bromides. The relative rates were 
calculated on the basis of equation II, This method was 
tried by Garbisch^ for another type of relative rate study.
k^/kg = logtAj^lj - logtA2 lF/log[A2 ]i - log [A2 ]p II
Where [Aŷ ]̂  and [A^]p represent the initial and final 
concentrations. The values on the right hand side of the 
equation are determined by gas chromatographic analysis.
The gas chromatographic peak area determined by integrator 
was taken to be proportional to the concentration.
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Table III
Magnesium-Isopropanol Reductions
Compounds Conditions Comments Rel. Rate
A/B Magnesium-isopropanol 
reflux
No reaction — —
A/B I^agnesium amalgam- 
isopropanol reflux
Vigorous at
boiling temp
1.36
B/C Magnes ium-is opropanol 
reflux
No reaction —  —  —
B/C Magnesium amalgam- 
isopropanol reflux
1 . 0 0 2
1 . 0 0 2
Table III indicates that a five member ring halide 
reacts faster than six member ring halide while six and 
seven membered ring halides react at about the same rate. 
This is in accord with theoretical predictions but the 
magnitude is rather small.
Work was stopped in this area for a number of 
reasons. In addition to the relatively small rate changes 
(which were well outside the experimental error) the major 
reason for stopping the investigation was that reproducible 
experimental conditions could not be found. The temperature 
at which reaction occurred (reflux temperature of solvent 
142*C) was rather high but reaction did not always occur. 
This was probably due to impurities in the magnesium amalgam 
but was not actively investigated.
10
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EXPERIMENTAL
Cyclic bromides.— The cyclic bromides used were 
obtained from commercial sources.
Cyclohexane carboxylic acid XV.— The compound was 
prepared by the Grignard reagent method as described for 
n-valeric acid in Fieser.** Cyclohexyl bromide (81.5 g,
0.5 mole) and magnesium metal turnings (12.25 g, 0.5 mole) 
were reacted as described for n-valeric acid. The yield 
obtained was 33.6 g (52.5%) distilling at 165-170* (aUx>ut 
20 mm) lit^^B.p. 115-117*C (13 mm). The infrared spectrum 
showed a broad band between 3600 cm“^ to 2550 cm“^ (-0H) 
and a peak at 1700 cm"^ (C=0).
Cyclopentane carboxylic acid XVI,— Compound was 
prepared using the general procedure outlined for XV. 
Cyclopentyl bromide (37,2 g, 0,25 mole) and magnesium metal 
turnings (6.12 g, 0.25 mole) were reacted as described for 
XV. The yield obtained was 14 g (49%) distilling at 170- 
175*C (about 20 mm) lit** B.P. 104* (11 mm). The infrared 
spectrum showed a broad peak between 3600 cm~*̂  and 2350 
cm'"l (OH) and a peak at 1700 cm~^ (C=0).
Methyl cyclohexyl carboxylate XVII.— 25 ml of methanol 
and four drops of concentrated sulfuric acid were added to 
cyclohexane carboxylic acid XV (2 g, 0.014 mole). The mix­
ture was refluxed for 15 hrs and diluted with water. The 
product was extracted with dichloromethane. The dichloro-
11
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methane layer was washed with water and after evaporation of 
dichloromethane, the product was distilled. The yield 
obtained was 1 g (45%) distilling at 85-105® (about 20 iran) 
l i t B . P .  73® (15 mm). The infrared spectrum showed a 
pea)c at 1734 cm“^ (C=0).
Methyl cyclopentyl carboxylate XVIII.— Compound 
XVIII was prepared using the procedure for XVII. The mole 
ratio of different reactants used was cyclopentane carbox­
ylic acid XV (2 g, 0.018 mole), methanol (25 ml) and sul­
furic acid (4 drops). The yield obtained was 0.8 g (35%) 
distilling at 75-85® (about 20 mm). The infrared spectrum 
showed a peak at 1720 cm"^ (C=0).
Methyl 1-bromocyclohexyl carboxylate XII.--Cyclo­
hexane carboxylic acid XV (25 g, 0.19 mole) was treated 
with 25 g of thionyl chloride with cooling. When the 
addition was complete, the mixture was heated on the steam 
bath for 1 hr. Bromine (10.98 ml, 0.02 mole) was added and 
the mixture was heated at 80-90® for an additional 2 hrs.
By the use of a Claisen's distilling head the mixture was 
heated on the steam bath to remove the excess thionyl 
chloride. The dark oily liquid was then added to 25 ml 
of methanol with stirring and cooling. After the addition 
was complete, the mixture was heated under reflux for 1 hr.
The reaction mixture was then poured into an ice- 
water mixture to produce a dark oily layer. The oily liquid
12
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was separated from the water and etheral layer was extracted 
with several portions of a 2 % sodium bisulfite solution, 
a 5% sodium bicarbonate solution and finally with water.
The etheral solution was dried over anhydrous magnesium 
sulfate and then distilled to yield 18 g (43%) of XII,
B.P. 134-137* (20 mm), lit" B.P. 34-35* (0.15mm). The 
infrared spectrum showed a peak at 1725 cm"^ (C=0).
Methyl 1-bromocyclopentyl carboxylate XIII.— Methyl 
1-bromocyclopentyl carboxylate XIII was prepared using the 
procedure outlined for XII. Cyclopentane carboxylic acid 
XVI (10.35 g, 0.091 mole), thionyl chloride (10.35 g) and 
bromine (14.54 g, 0.091 mole) were reacted as described 
for XII. The yield obtained was 7.1 g (36%) distilling 
at 115-120* (about 20 mm). The infrared spectrum showed 
a peak at 1734 cm”^ (C»0).
Methyl 1-cyclohexene carboxylate XIX.— Refluxed the 
mixture containing methyl 1 -bromocyclohexyl carboxylate 
XII (0.5 g, 0.0023 mole), methanol (50 ml) and sodium 
hydride (0.104 g of 53% sodium hydride and 47% mineral oil, 
0.05 mole) for 1 hr. The resulting mixture was diluted with 
water, cooled and extracted with dichloromethane. After 
evaporation of dichloromethane the product XIX was distilled. 
The product XIX was tested by glc with chrom w column and 
a different retention time than XVII and XII was found.
Methyl 1-cyclopentene carboxylate XX.— This compound
13
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XX was prepared by the procedure outlined for XIX. Methyl 
1-bromocyclopentyl carboxylate (0,05 g# 0.0024 mole), 
methanol (25 ml) and sodium hydride (0.104 g, 0.0024 mole) 
were reacted as described for XIX. The product XX was 
tested by glc with chrom w column and a different retention 
time than XIII and XVIII was found.
Preparation of ethyl a,O-dibromo propionate XXI.-- 
Bromine (120 g, 0.75 mole) was added to a solution of ethyl 
acrylate (75 g, 0.75 mole) in methanol (50 ml) kept in an 
ice bath. The methyl alcohol was removed by distillation 
and ethyl a,g-dibromo propionate XXI was distilled under 
reduced pressure. The yield obtained was 235 g (70%) 
distilling at 70-74" (20 mm).
Preparation of ethyl a-bromoacrylate XXII.— A mixture 
of ethyl a,3-dibromo propionate XXI (20 g, 0.08 mole) and 
quinoline (9.5 ml, 0.08 mole) was distilled under reduced 
pressure. The yield was 8.9 g (74%) distilling at 60"
( 2 0 mm).
Attempted preparation of ethyl 1-bromocyclopropyl 
carboxylate XIV.--Dizald (36.5 g) was dissolved in ether 
(250 ml), The resulting solution was added dropwise to a 
solution of potassium hydroxide (10.2 g), water (17 ml) and 
ethanol (60 ml) in a distilling flask with stirring. The 
distillation flask was heated to about 60" in a water bath. 
The diazomethane formed was distilled into a solution of
14
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ethyl a-bromoacrylate XXII (14.4 g, 0.8 mole), dissolved in 
ether (35 ml) and kept in an ice bath. The ether was 
removed under vacuum emd the resulting solid was filtered 
and recrystallized from absolute ethanol. The melting 
point of solid found was 156®. Analysis —  calculated 
from CgHg0 2 N2 Br: C » 32.59%, H » 4.07%, Br « 36.17%,
N * 12.6% and O = 14.4%. Pound: C ■ 52.09%, H = 6.00%,
N « 20.6% and no bromine.
Zinc-acetic acid reduction of methyl 1-bromocyclohexyl 
carboxylate XII and methyl 1-bromocyclopentyl carboxylate 
XIII and their relative rate study by gas chromatography
XXIII.— Zinc granulated (1.62 g, 0.05 mole) was added to a 
mixture of methyl 1-bromocyclohexyl carboxylate XII (0.5 g, 
0.002 mole), methyl 1-bromocyclopentyl carboxylate XIII 
(0.47 g, 0.002 mole), butyl benzoate (0.47 g, 0.002 mole), 
methanol (22.5 ml) and acetic acid (2.5 ml). Butyl benzoate, 
the internal standard for the gas chromatographic analysis 
had previously been shown to have a different retention time 
than products or reactants and to be inert under reaction 
conditions. Before adding the zinc about 0,1 ml of the 
mixture was taken out and 5 yl of the mixture was injected 
in the gas chromatograph with a 5' long chrom w (5% SE 30 
60/80) column. A fresh sample (about 0,1 ml) was withdrawn 
after every ten minutes from the reaction mixture and the 
progress of reaction was recorded with the help of gas
chromatograph. The results are tabulated in Table II.
15
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Magnesium amalgam-isopropanol reduction of cyclopentyl 
bromide, cyclohexyl bromide and their relative rate study
XXIV.— The magnesium amalgam was prepared by adding magnesium 
powder to a saturated solution of mercuric chloride in 
isopropanol. After about ten minutes the isopropanol layer 
was decanted and the magnesium amalgam residue was washed 
with isopropanol until it was free from white turbidity.
It was dried on a filter paper. An excess of magnesium 
amalgcim was added to a mixture of cyclopentyl bromide (1 . 0  g, 
0.006 mole), cyclohexyl bromide (1 . 1  g, 0,006 mole), toluene 
(0.3 g, 0.003 mole), isopropanol (0.4 g, 0.006 mole) and 
n-butyl ether (20 ml). Toluene was the internal standard.
The mixture was heated and after the violent reaction had 
ceased, cooled to room temperature. It was diluted with 
water and filtered through the buchner funnel. The filtrate 
was acidified with conc. hydrochloric acid and the butyl 
ether layer was separated and dried over anhydrous sodium 
sulfate. About 5 yl of the mixture, before and after the 
addition of magnesium amalgam and heating was injected into 
the gas chromatograph with 5% FFAP column. For the relative 
rate study the results are tabulated in Table III.
Magnesium amalgam-isopropanol reduction of cyclohexyl 
bromide and cycloheptyl bromide and their relative rate 
study XXV.— This reduction was carried out by the same 
procedure outlined for cyclohexyl bromide and cyclopentyl
16
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bromide. Cycloheptyl bromide (0.98 g, 0.005 mole), 
cyclohexyl bromide (0.8 g, 0.005 mole), toluene (0,2 g,
0.02 mole), isopropanol (0.3 g, 0.02 mole) and butyl ether 
( 2 0 ml) were reacted as described in cyclohexyl bromide and 
cyclopentyl bromide reduction.
The relative rate study was done with the help of 
gas chromatogram using 5% PP AP column. The results are 
tabulated in Table III,
Method of calculating the relative rates XXVI.— For 
the relative rate study, the two compounds were mixed in 
equal molar ratio with the same mole ratio of the internal 
standard. The selection of internal standard was somewhat 
tedious. It had to be a substance with the following 
characteristics: i) different retention time than the
reactants, products and the solvent; ii) it should not 
react under the reaction conditions used. After finding 
the suitable internal standard, the two compounds, internal 
standard and the solvent were mixed. About 0.1 ml of the 
sample was withdrawn and 2 to 5 yl was then injected in 
the gas chromatograph for analysis. This was repeated a 
number of times until the same area ratio was obtained. 
Sometimes peak tailing were observed which could be avoided 
either by taking a smaller amount of the sample or by 
increasing the flow of the carrier gas. Then the reducing 
metal was added and the sample was withdrawn usually after
17
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every five minutes. The area of the reactants and the 
internal standard were calculated. Then on the basis of a 
constant internal standard area, other areas were calculated 
accordingly. A graph was drawn between the log values of 
the normalized areas of the two reactants. The slope of 
the line gave the relative rates.
18
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SUMMARY
A) The cyclic bromo esters were prepared by known methods.
B) The cyclic bromo esters were reduced with zinc-acetic 
acid.
C) The cyclic bromides were reduced with magnesium 
amalgam- isopropamol.
D) A method was developed for a relative rate study for 
the reduction of the confounds by glc.
E) Five member ring compounds were found to be somewhat 
more reactive tham six amd seven member cyclic compounds,
19
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INTRODUCTION AND HISTORICAL
The heterogenous catalytic hydrogenolyses of benzylic 
substituents have been acconqplished by a variety of different 
surface processes. A number of different hydrogenolysis 
mechanisms have also been proposed on the basis of inversion 
and retention of stereochemical configuration observed 
during the hydrogenation,
McQuillin and Khan * carried out the hydrogenolysis
of I
Me Me
I Pd-C.Ph— C— X ----- » Ph— C— H
I ICO2 R COgR
I (R » H or Me)
with palladium in a nonpolar solvent. They observed that 
both the percentage of inversion of configuration and the 
rates of hydrogenolysis were increased with the electro­
negativity of the displaced group X, i.e. X = O H <  OAc < 
OCOCF3 . In the presence of nickel they found that the rate 
of hydrogenolysis was too slow for measurements. But on 
the basis of Mitsui and Imaizumi’s results with atrolactates* 
II
23
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Ph
IROOC— C—
IMe
II
•X (R = Et, X = OMe, 
OAc or Cl)
they concluded that retention of configuration is a general 
stereochemical pattern in nickel catalyzed hydrogenolysis. 
Retention is also the normal stereochemical result when 
more active metals are treated with alkyl halides to form 
organometallic reagents.
Kahn and McQuillin^ explained all the stereochemical 
results through the common intermediate shown below in 
Scheme I
VI
Ph
MX
2 . \ /  ► H— c +
IPh
M HX
Scheme I
Path 1 is said to be followed when nickel is the metal while 
path 2 occurs for palladium. The stereochemistry of 
palladium reduction is not obvious to the author.
Garbisch, Schreader and Prankel* studied tlie hydro­
genolyses of compounds III emd IV.
24
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Ph
(where Y = OH, 
OAc and OMe)III IV
with palladium on carbon, platinum and Raney nickel. The 
steroconvergent hydrogenolyses of III with Y *» OH, OAc and 
OMe gave cis-4-t-butyl-l-phenylcyclohexane in a 4.2:1 
ratio over the trans isomer. Prom this result they suggested 
that the hydrogenolysis is proceeding through a) a common 
intermediate or b) with 83% retention in IV and 83% inversion 
in III respectively. The possibility of alternative b) 
was experimentally rejected by dueterogenolysis (in DOAc) 
of III and IV (Y = OH) over Pd-C. They proposed the 
mechanism as in Scheme II.
/
• •
(1)
S  /
c ̂\  'LaPh
cH
H
(2)
Scheme II
H
\
(3) (-3)
I
Ph
H
\
H
# #
H 
H
I
> r \ Ph
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Ott and Kramer have reported that a-chloro-a phenyl pro­
pionic acid was reduced by zinc-acetic acid with inversion 
of configuration while reduction with palladium-hydrogen 
proceeded with retention.
The purpose of my research was to synthesize cis 
and trans 4-t-butyl-l-phenylcyclohe]cyl chloride from their 
respective carbinols and to study their reduction with 
zinc-acetic acid. From the analysis of the product ratio 
of the isomers the stereochemistry of the reaction can be 
obtained. This study would be followed by electrochemical 
reductions (both polarographic for the determination of 
accurate half wave potentials, and mass electrolytic for 
the determination of product ratios). Thus, the general 
postulate that electrochemical stereochemistry and reac­
tivity is comparable to metallic reductions could be cited.
26
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RESULTS AND DISCUSSION
The first objective was to synthesize the 4-t-butyl- 
1 -phenylcyclohexyl halides which had not been prepared 
previously and to separate the cis and trans isomers. The 
chloro derivatives were chosen due to their increased 
stability over the bromides or iodides in the absence of 
nucleophilic reagents.
Garbisch* separated the two isomers of 4-t-butyl-l- 
phenylcyclohexanol (Via and VIb) from the crude alcohol VI 
prepared from 4-t-butylcyclohexanone V by Grignard reaction.
V
CgHgMgBr
H""
VI
*•. .OH
Column
Chroma­
tography
OH
Via
OH
VIb
$
The alcohols can be converted into chlorides by treating 
with either dry hydrogen chloride gas or with thionyl 
chloride. We thought of making use of the same scheme i.e. 
to synthesize the crude alcohol XI from 4-t-butyIcyclohex- 
anone V, to make the chloro derivative from the crude
27
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alcohol VI with hydrochloric acid and then to separate the 
two isomers by column chromatography. But the procedure 
was not successful as the chloride was decomposed when 
eluted through either a silica gel column or an activated 
alumina column. Sommer and Carey observed that by passing 
hydrogen chloride gas through a cis or trans alcohol, which 
was dissolved in pentane and kept in an acetone-dry ice 
bath, chlorides with retained configuration* could be 
obtained.
Before trying this method, the crude alcohol VI 
was separated into cis and trans isomers by the method used 
by Garbisch* and a different chromatographic behavior was 
observed. The fractions obtained were from different 
hexane-ether mixtures than reported and the separation 
characteristics of the silica gel changed when it was 
reactivated and used again. The melting point of the trans- 
4-t-butyl-l-phenylcyclohexanol was found to be 109-110*, 
after recrystallization from pentane, instead of 117-119* 
as reported.*
The hydrogen chloride gas was passed through a solution 
of cis-4-t-buty1-1-phenylcyclohexanol Via in hexane placed 
in an isopropanol-dry ice bath. As no noticable change 
was observed, the solution was placed in an ice bath instead. 
The derivative obtained had a melting point of wide range 
showing the presence of both the isomers.
28
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Lee and Dovmie found a method of converting sterically 
hindered hydroxy esters^ into chloro esters under mild 
conditions. We were also interested in a method of conversion 
under mild conditions because it was observed that at a 
higher tenperature the product is converted into 4-t-butyl- 
1-phenylcyclohexene IX. They treated the hydroxy ester 
with triphenyl phosphine in the presence of carbon tetra­
chloride and obtained the chloride with completely inverted 
configuration. This was tried with trans-4-t-buty1-1- 
phenylcyclohexanol VIb and a derivative with wide remge 
melting point was obtained.
The method of passing hydrogen chloride gas into 
solution of alcohol in pentane at -78* was tried again.
After passing the hydrogen chloride gas for 15 minutes 
the flask was taken out of the bath and nitrogen was passed 
through it to drive off the excess hydrogen chloride. It 
was cooled again in an acetone-dry ice bath and filtered 
while cold. Both cis and trans-4-t-butyl-l-phenylcyclohex- 
anols Via and VIb gave chlorides with different melting 
points.
The trans isomer Vllb was thermally stable and 
analytical data was in good agreement with the structure 
postulated.
29
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$ <!>OH
Via
OH
*
VIb
HCl gas 
tftro * hexane 
solution kept 
in acetone-dry 
ice
HCl gas 
thro * hexane 
solution kept 
in acetone-dry 
ice
Cl
Vila
Cl
Vllb
It was found that even though cis-4-t-buty 1-1- 
phenylcyclohexyl chloride Vila was kept in the referiger- 
ator, the melting point changed after a few days. This 
was substantiated further when it gave different carbon, 
hydrogen atnalysis than expected when analyzed a few days 
after its preparation.
But on analyzing for the percentage of chlorine 
by Volhard's method, both the cis and trans isomers of the 
chloride gave the same value (13.5%) which is reasonably 
close to the expected percentage (14.4%). The infrared 
spectra of the two isomers (Fig. 1 and Fig. 2) gave con­
firmatory evidence as to their structures. Allinger and 
Liang have investigated the carbon-chlorine stretching 
vibrations of the analogous cis and trans-4-t-butyl-l- 
methylcyclohexyl chlorides* and several other chlorides. 
They found that the stretching frequency is always higher 
when the chlorine atom is in the equatorial position.
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Although no exact analog is available, the general region 
for the carbon-chlorine bond should be 650-700 cm“^ for 
a tertiary carbon-chlorine bond in an equatorial position and 
611-620 cm“^ for a similar bond in an axial position. Our 
cis-4-t-buty1-1-phenyleyclohexyl chloride Vila (chlorine 
equatorial) has a bond at 680 cm”^ while the trans isomer 
Vllb has a bond at 640 cm~^. Neither spectrum shows 
bands due to alkene vibrations.
The nuclear magnetic resonance spectra (Fig. 3 and 
Fig. 4) of the two halides (Vila, Vllb) were consistent with 
the structures assigned. The outstanding feature in 
comparing the chloride spectra with the known alcohol 
precursor spectra was the shift of the t-buty1 group. The 
chemical shift for the t-buty1 group in the cis alcohol 
VIb is 0.76 ppm while the corresponding chloride Vila 
shift is 0.70 ppm. The two trans isomers have shifts of 
0.90 ppm (alcohol VIb) and 1,02 ppm (chloride Vllb). Thus 
there is a definite upfieId shift in going from the trans to 
the cis isomer for both the alcohol and the chloride.
In addition, the other general features in the spectra of 
the cis alcohol and chloride and the trans alcohol auid 
chloride are quite comparable. The spectra are not of first 
order however and an exact analysis of them is not possible.
The hydrogenolyses of cis and trans-4-t-buty1-1- 
pheny Icyclohexyl chlorides (Vila, Vllb) were carried out with
31
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zinc-acetic acid at room temperature,
Cl
Vila
4»
zinc
acetic
acid
H
Villa
H
Vlllb
*
Cl
♦ zinc
acetic
acid
H
Vlllb
4>
Villa
H
The ratio of the reduced products cis and trans-4- 
t-buty 1-1-pheny Icy clohexêuies (Vila, Vlllb) were determined 
by glc. The retention time of these were comparable to 
synthesized cis and trans-4-t-buty1 - 1 -phenyIcyclohexanes* 
(see Scheme III for the synthesis of these products).
OH
Via
*
Ni/Ha
villa
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♦ H
IX
H
Pd-C
VlIIb
Scheme III 
The results are summarized in Table I.
Table I
Stereochemistry of Hydrogenolysis Observed after 
Zinc-Acetic Acid Reduction at Room Temperature
% Villa % Vlllb
from A 
area
from
integrator
from A 
area
from
integrator
trans-4-t-Butyl-l— 68.5% 68.4% 31.5% 31.7%
phenylcyclohexyl 
chloride (Vllb) 68.5% 6 8 .2 % 31.5% 31.8%
cis-4-t-Buty1-1- 6 8 .8 % 6 8 .8 % 31.3% 31.2%
pheny Icy clohe xy 1  
chloride (Vila) 6 8 .6 % 71.4% 31.3% 28.6%
The hydrogenolyses of either Vila or Vllb leads to 70.1 ± 1,3% 
of Villa. This opens the possibility of hydrogenolyses 
through two mechanisms. The reaction could either proceed 
through a common intermediate or Vila and Vllb could react 
with 70% retention and 70% inversion respectively. The 
possibility of the second alternative has already been
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disproved by Garbisch on the basis of results of duetro- 
genolyses* {in DOAc) of cis and trans 4-t-butyl-l-phenyl- 
cyclohexamols (Via, VIb) over Pd-on-carbon.
In view of earlier work on the stereospecificity of 
zinc-acetic acid reduction‘s of optically active 2 -chloro-2 - 
phenyl propionic acid and 1 -broino-2 ,2 -diphenyl cyclopropane 
carboxylic acid, the lack of stereospecificity in this 
reaction is surprising.
Several mechanistic explanations for the behavior 
of the systems are possible but the aforementioned idea 
of a common intermediate, such as X, which can be protonated 
from either side, seems most reasonable.
Magnesium-amalgam-isopropanol reductions were also 
attempted. No reduction products were found (glc) although 
some decomposition products (the alkene IX) was noted for 
each chloride (Vila, Vllb). Because the magnesium-amalgam- 
isopropanol reductions were carried out at a temperature 
of 160*, it is presumed that the chloro derivatives (Vila, 
Vllb) were decomposed into cyclohexenes IX, before any 
reduction could tadce place.
Some preliminary polarographic data was also gathered,
34
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No good half wave potentials could be obtained using 
dimethyl formamide as a solvent and lithium chloride as the 
supporting electrolyte. This part of the research project 
was discontinued.
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EXPERIMENTAL
4-t~Buty1-1-phenylcyclohexanol VI,— The Grignard 
reagent was prepared by adding bromobenzene (37.68 g, 0.24 
mole) to magnesium turnings (6.0 g, 0.24 mole) in ether 
( 8 8 ml). The solution of 4-t-butylcyclohexanone (30.8 g,
0.2 mole) in ether .(30 ml) was added to the Grignard reagent 
with stirring and the resulting mixture was refluxed on a 
steam bath for about one hour. The reaction mixture was 
poured into cold ammonium chloride solution and the carbinol 
was extracted with ether. The ether extract was washed 
with water, dried over sodium sulfate and the ether was 
evaporated under reduced pressure. The yield obtained was 
36 g (80%) having M.P. 95-120*. The infrared spectrum 
showed a broad peak between 3000-3700 cm"^ (-0H) and a peak 
at 700 cm-1 (-CgHg).
Separation of cis and trans isomers of 4-t-buty1-1- 
pheny Icyclohexanols from the crude alcohol (Via, VIb).—
Six grains of the crude carbinol (VI) was chromatographed on 
a 2.5 X 90 cm silica gel column slurry packed in hexane.
It was successively eluted with 3 liters of hexane and 2 
liters of 2%, 5 liters of 5%, 2.5 liters of 10%, 2 liters 
of 15%, 3 liters of 30% and 2 liters of 90% ether-hexane 
solutions. The trans isomer (VIb) was obtained after
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eluting with 2 to 10% ether-hexane solutions. It was 
recrystallized from pentane, giving a white solid, M.P, 
108-109*, lit* M.P. 116-118*. The yield obtained was 2,1 g. 
The cis-4-t-buty1-1-phenylcyclohexanol Via was obtained 
after eluting with 15 to 30% ether-hexane solution. It 
was purified by sublimation, giving a white precipitate,
M,P, 157-159*, lit.* M.P, 158-159®, The yield obtained was 
1,7 g,
trans-4-t-Butyl-1-phenyIcyclohexane Vlllb.— 4-t- 
Butyl-l-phenylcyclohexene IX (6.0 g, 0.028 mole) was shaken 
with acetic acid (25 ml) and 400 mg of 5% palladium-on- 
carbon under 2 0 psi of hydrogen at room temperature until 
the reaction was complete. The hydrogenation mixture was 
transferred to a boiling flask and refluxed for 1.5 hours. 
The mixture was filtered into 30 ml of water and the solid 
was separated by filtration. It was recrystallized from 
ethanol giving M.P. 41-42®, lit.* M.P. 42®,
cis-4-t-Buty1-1-phenyIcyclohexane Villa.— cis-4-t- 
Buty1-1-phenylcyclohexanol Via (0.82 g, 0,003 mole) was 
refluxed with Raney nickel (5,0 g), sodium methoxide (80 mg) 
and ethanol (25 ml) for about two hours. The mixture was 
filtered and the filtrate was extracted with methanol.
On evaporating methanol, a solid having a different 
retention time than trans isomer Vlllb was obtained.
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trans-4-t-Buty1-1-phenyIcyclohexyl chloride Vllb.—  
Dry hydrogen chloride gas was passed into a solution of 
trans-4-t-buty1-1-phenylcyclohexanol VIb (2,8 g, 0.009 
mole) and hexane (25 ml) kept in acetone-dry ice bath. The 
hydrogen chloride gas was passed for 2 0  minutes and the 
solution was brought to room temperature by taking it out 
of the dry ice-acetone bath. Nitrogen gas was passed 
through the solution for about 1 hour to expell the unrer- 
acted hydrogen chloride gas. The solution was cooled again 
in acetone-dry ice bath and filtered. It was recrystallized 
from acetone, giving white shinning crystals, M.P. 57-59*. 
The yield obtained was 0.7 g (33%). The infrared spectrum 
showed peaks at 740 cm“^ (-CgHg) and 640 cm”^ (axial C-Cl).
Anal: Calculated for C « 76.6%, H * 9.1%,
Cl - 14.3%. Pound: C « 76.35%, H = 9.1%, Cl » 14.55%;
and Cl by Volhard's method = 13.53%.
cis-4-t-Butyl-l-phenylcyclohexyl chloride Vila.—
This was prepared by procedure outlined for Vllb. cis-4-t- 
Buty1-1-phenylcyclohexanol Via (1 g, 0.004 mole) solution 
in hexane ( 2 0 ml) was reacted with hydrogen chloride gas 
as described in Vllb. It was recrystallized from pentane, 
giving a white solid, M.P. 78-83®. The yield obtained was 
0.7 g (29%). The infrared spectrum showed peaks at 735 
cm”^ (-CgHg) and 680 cmrl (equatorial C-Cl).
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Anal: Calculated for C,_n__Cl, C = 76.6%, H = 9,1%,lo A J
Cl = 14.1%. Found: (i) C = 79.57%, H = 9.33%, and Cl *» 11.1%,
(11) C = 83.3%, H « 9.99%, Cl » 6.71%; and Cl by Volhard's 
method = 13.54%.
4-t-Butyl-1-phenyIcyclohexene IX.— The crude 
4-t-butyl-l-phenylcyclohexanol VI (3.0 g, 0.012 mole) was 
added to 2 0 % (by volume) sulfuric acid-acetic acid mixture 
(2.57 ml) and swirled until it was dissolved completely.
This on standing separated Into two layers and was poured 
Into a mixture of ether (7.8 ml) and water (12,9 ml). The 
ether layer was separated from the aqueous layer and washed 
with sodium bicarbonate and dried over calcium chloride.
It was distilled under reduced pressure. The yield obtained 
was 2.4 g (78%) distilling at 160® (about 20 mm). Lit.* B.P. 
106-107® (0.4 mm).
Zinc-Acetic Acid reduction of trans-4-t-butyl-l- 
phenylcyclohexyl chloride and product analysis XI.— The 
reduction was carried out by the procedure outlined on 
page 15. trans-4-t-Buty1-1-phenyIcyclohexyl chloride Vllb 
(0.1 g, 0.0004 mole), acetic acid (15 ml) and zinc (1.00 g) 
were reacted and the composition of the reduced products 
were analyzed by glc using 5% FFAP 60/80 A/Q DKCS Chrom G 
Column.
Zinc-acetic acid reduction of cis-4-t-butyl-1-pheny1- 
cyclohexyl chloride and product analysis XII.— cis-4-t-Butyl-
38
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1-phenyIcyclohexyl chloride Vila was reduced by the method 
outlined in XI. cis-4-t-Buty1-1-phenyIcyclohexyl chloride 
Vila (0.1 g, 0.0004 mole), acetic acid (15 ml) and zinc 
(1 . 0  g) were reacted and the composition of the reduced 
products were determined by glc using 5% FFAP Chrom G 
Column.
Polarographic analysis XIII.— 75 ml of 0.1 M lithium 
chloride in dimethyl formamide v?as pipetted into the cell 
compartment and oxygen was removed by passing nitrogen 
through the solution for 30 min. A 2.00 ml portion of
0 . 0 1 0 0  M dimethyl formamide solution of cis or trans isomer 
(Vila or Vllb) was added and the solution was polarographed 
using Sargent polarograph Model XV under a nitrogen atmos­
phere. A poorly defined polarogram showing one wave was 
obtained in the case of Vllb (approximate Jjl/2 “ ”1-6 V) 
but no wave was obtained in case of cis-4-t-buty1-1-pheny1- 
cyclohexyl chloride (Vila)*
39
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
suryîARY
A) Trans and cis 4-t-buty1-1-phenyIcyclohexyl chlorides 
were successfully synthesized and their structures were 
proved by their infrared and N.M.R, spectra.
B) Zinc-acetic acid reduction of the two chlorides was 
carried out for the stereochemical studies.
C) Both chlorides gave the same mixture of isomers on 
reduction.
D) We suggest that a common intermediate (most likely a 
carbanion) is involved in the mechanism.
40
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